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一方 EL-BOUSHY と SIMONSら(1968)りのように，卵殻を偏光顕微鏡で観察したり，MASSHOFFと



























Fig. 1. The shel membrane viewed from inside. 
It is composed of three layers. The inner-
most layer is the inner layer of the inner 
shel membrane. The middle layer is the 
outer layer of the inner shel membrane. 
The outermost layer is the outer shell 
membrane. x 100. 
Fig. 2. Magnification of the inner layer of the 
inner shell membrane. The layer looks 







なり，!).l!形的な線維性肢であった(図3と6).線維肢を構成する線維は， 主と して直径 1~2μ の丸味
鶏卵殺の走査型HL子顕微鏡Kよる観察
Fig. 3. Magni日cationof the outer~layer:of the:inner shell membrane. The layer has been formed:by 
a lamellar network of unbranched [日bers. Dusty substances (mucin-like substances)] are 
adhered around the fibers. 50 the demarcation of the fibers is somewhat unclear. X 1，000. 
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Fig. 4. Magni日cationof the outer shell membrane. The layer has been formed bya lamellar network 
of flattened fibers. There are anastomosis among these fibers， which have formed knots. X 1，000. 
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Fig. 5. The:outer surface of the outer shel membrane viewed from inside. The fibers of the oute(shell 
membrane have entered the central depression of the mammillary knobs. Arrows indicate the 
mammillary knobs. x 1，000. 
Fig. 6. Appearance o[ connection between the shell membrane and the mammillary knobs. Both layers 
are somewhat firmly connected by fibers， asis shown in Fig. 5. il: inner layer o[ the inner shell 
membrane; 01: outer layer of the inner shell membrane; om: outer shel membrane; mk; 
mammillary knob. x 300. 
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を413ぴた線車ftであり，ときに 3~4μ の太い線維も見られるが， これは融合した線維である. 線維は分校
することなし卵殻表聞に平行に定り， ζれが縦と徽lζ数!出ζ交織して網|恨を形成している.網l肢は一





同平テープ織を呈し.rtJ 3~4μ の太い線維であった. 線維は l立走する乙となし軽く野山し，卵殻表面
fC平行fCJlVi状fC配ヂIJしていた.線維は所々において結び問状lζ融合していた. これがため線維は円形の






る.先fCSIMONS ら 11) は，卵妓!換のn~m的観察によって，内卵殻j民内層の存在を報告している.
卵殻j換の線維の大きさ，走向状態などKついては，例えば M ORANらりは，内卵殻j民線維は分伎が少
く，ケラチンとムチンより成ると述べ SIMONSら11)はそれは lμIIIf後であり，大きなものでも3μを越
えないと述べ. MASSHOFF ら 10) は 1 ~2μ と報告している. 本観終では， 内卵殺脱線維は 1~2μ の分校
Fig. 7. The mammillary layer of the shell from which organic substances have been removed. A 








2~5μ の分校しない線維網より成り，他の 2 胞は 0. 8μ 前後の細い線維網より形成されていると述べて










Fig. 8. Magni日cationof Fig. 7. The mammil1ary knobs are calculous dome-like processes. The top 
of each knob is somewhat flattened and a crateriform depression lies at the center (the 
central depression). Several minute canals (arrows) are open at the bottom of the central 





た. 図 71C見るように，卵殻芋L頭!習は乳頭突起 (mammillaryknobsまたは mammillae)の存在によっ
て特徴づけられた.手Lii1i突起は図 7.8.10と 11のようκ，外卵殻府を基底と して規則正しく，外卵殻
Fig. 9. Slightly protruded mammillary knobs. Arrow indicates an inner opening 
of the air pore. X 1，000. 
眼前lζ向って， ドーム状IC突出している.乳頭突起の形状は，側々の卵によってかなり呉なり，丘陵状
IC低い隆起を示すもの(図9)，あるいは図7のように典形的IC円錐状のもの，中等度IC隆起するものな







突起の垂直断面を見ると， 図 10と 11のように，突起の小心部に突起剥IIC平行に，大きな桁円形空洞
が存在していた(中心空洞と仮称する).空洞壁は著しく粗雑であった. 乙の空洞は中心髄とも称せられ
る有機性~1'1で埋められているに違いない.乳頭突起の中心悩の存在は， 古くから光顕的IC推察されて
おり. STEWART4) は光顕像でこの部は暗く見えると述べ. NATHUSIUS') は中心髄は酸に不溶で， ア
Jレカリ IC可溶な有機質基質であると報告している.以上は脱有機卵殻の乳頭層の所見であるが，石灰沈
着状態について概見すると，乳頭!百は外卵殻胞に比べて著しく多孔性海綿織であった. ζのことは乳頭
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Fig. 10. Radia1 view through the shell from which organic substances have been 
removed. The shel is composed of a spongy 1ayer and a mammillary 
1ayer. x 100 
Fig. 11. Magnification of Fig. 10. The super自cial1ayerof the spongy.layer ismore 
compact1y calc泊edthan th~ deep 1ayer. The entire shel layer has been 
constructed radialy by coarse and dense ca1c前edco1umns， which are 
arranged at regu1ar intervals. The mammilary knobs have a large cavity 












Fig. 12. The organic matrix of the shell after decalci自cation.It has been constructed 
by a meshwork of fibers. X 300. 
Fig. 13. Magni日cationof Fig. 12. Matrix自bersrun parallel to the surface. The 
fibers have given off collateral branches. There are anastomosis among 
neighboring branches. X 2，000. 
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Fig. 14. . The outer su~face of the normal egg shel. The surface is very rough due to 
the ~res~~c，:_of d_epressions and protrusions of irregular size or shape. Com-
pared wi th Fig. 15. x 3∞. 
Fig. 15. The outer surface of the shel from which organic substances have been 
removed. Roughness of the surface is more distinct in this picture than in 
Fig. 14 with the cuticle. Air pores of various size and number open at the 
bottom of the depression. x 300. 
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状，分布などは，光顕的によく説べられている. 走査m子鏡検では， gt.法のみー l而構造がと くにl列般に:ザ
し山された，図 14，15と 16は，卵妓表面の走査m子鏡検像である.n然卵殺の卵殺表!血は， I記I14~1C 
Fig. 16. Magni日cationof Fig. 15. Air pores have gathered at the depressed area. 
They vary in shape and size. Minute air pores (arrows) are open in the 
protruded area of the surface. X 1，500. 
見るようIC，陥凶隆起し，著しく粗雑である. クチクラ胞が除かれた脱平i機卵殻では，卵殻表面の粧l雑




外気孔口の直径は一定していないが，約 2~5μ であっ た.
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一方卵殻表面の隆起部は，一般に平滑であるが，所々 lζ直径約 0.5~ 1 μ の納孔が認められた(区j16). 
乙の細孔も多分気孔の一段と考えられる.気孔!tfは卵殻fi5を貫通して，1Ii述したように乳頭突起|甜削E
1m口するのであるが，走行の明かな気孔管は，本観擦においては認められなかった.気孔管の大きさ，
走行などは，色素注入などによって調べられるが，気孔の大きさは HAINESと M ORAN(1940)刈 lζよる




Fig. 17. Radial view through the shell. The leter C indicates the cuticle. The 
cuticle is a thin structureless membrane. sl: spongy layer. x 300. 
均質1!!~構造であり，卵殻表面lζ密着しているがためである.卵殺の横断面の観君主では，クチクラは図 17
のように I]I=J示された. クチク ラは厚さ約 10μ の~It構造性の被JJ史であった. クチクラは卵殻表面の11111 凹剖5，
とく K気孔周辺で厚い傾向Kあった.
クチクラ K関する従来の報公を見ると， MORAN らのはク チクラは務~，蛋白性の透明J!民であると述べ，
ROMANOFFらめは銀染すると 2陪K分けられ，1豆さは 5~ 10μ であると報告している SIMONS ら 11) の
電顕的観察では，クチクラは著しく)泡状椛造を呈しており，厚さは l例においては 8.3~1 2. 8μ他の I
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SUMMARY 
The structure of the hen's egg shel1 has been examined by many researchors under the optical micros-
cope， polarization microscope， and electron microscope. 1n the present study， the structure of the egg 
shell of the White Leghorn hen was examined under the scanning electron microscope. 
Completed eggs just after oviposition were used in this study. They were broken mechanical1y with 
a knife， and the inside was washed shortly with a physiological saline solution. The shells were fixed in 
a 10% formalin solution. After fixation， they were calcified by 3% glacial acetic acid. They were also 
dipped into 30~35 % sodium hydroxide to remove organic substances from them. 
The resulting materials were coated with gold or aluminum， and examined under the scanning electr・
on microscope， Type JSM-2 (Japan Electron Optics Laboratory， Ltdみat25 KV accelerating voltage. 
As is already known， the avian egg shel1， from inside to outside， consists of the inner shell membrane， 
the outer shel1 membrane， the mammillary layer， the spongy layer， and the cuticle. By scanning electron 
microscopy， the inner shel1 membrane was divided into two layers， an inner and an outer layer. The 
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inner layer of the inner shell membrane had an amorphous granular appearance and contained fine 
fibers. The outer layer of the inner shell membrane was formed by a meshwork of fibers. These fibers 
were 1~2,u in width and run parallel to the surface. They were surrounded by dusty substances that 
made their demarcation somewhat unclear. 
The outer shell membrane was formed by a relatively dense meshwork of fibers. These fibers were 
3~4,u in width and looked like tapes. They anastomosed with one another in such manner as to form 
knots. The outer surface of the outer shell membrane was not so sharply defined. Some of the fibers 
entered the calcified part of the mammillary knobs. 
The mammillary layer was made of numerous conical mammillary knobs (mammillae) arranged 
regularly with their base on the spongy layer. The calculous mammillary knobs from which organic 
substances had been removed were 50~60,u in diameter at their base, and the diameter diminished 
toward the top. The top of each knob was somewhat flattened, and the center was crateriform (the 
central depression). Several small canals were open at the bottom of the central depression. The border 
of the central depression and the slope of the protrusions were indented sharply with many sulci. The 
individual knob had a large cavity, whose long axis was perpendicular to the surface. The cavity was 
filled with organic matrix of the natural egg. The mammillary layer changed gradually toward the 
spongy layer. 
The spongy layer was densely calcified, yet the calcification was denser near the outer surface than 
in the deeper portion of the layer. On the other hand, the shell layer was constructed with dense and 
coarse calculous columns, which were arranged radially to the surface at regular intervals. In the 
clacified shell, these matrix fibers were 1~2,u in width and gave off fine branches. There was anas-
tomosis among neighboring branches. 
The outer surface of the shell was not smooth, and had a strikingly convexo-concave appearance. 
The concave area of the surface had contained air pores. Some air pores were open in the convex area. 
The air pores penetrated the spongy layer and opened at the interspace between the mammillary knobs. 
The cuticle was a thin structureless membrane about lOp thick. 
